Introduction
Recently the ATLAS [1] 
For the eµ and eτ modes the experiments find a 95% CL bounds so that
More data is expected in the near future which makes an investigation of the lepton flavor violation in Higgs decays a timely topic of investigation. Thus in the standard model there is no explanation of flavor violating leptonic decays of the Higgs boson and if they are confirmed that would be direct evidence for new physics beyond the standard model. In this work we explain the flavor violating leptonic decays of the Higgs boson in the framework of an extended MSSM with a vectorlike leptonic generation following the techniques discussed in [3, 4, 5] . Flavor changing Higgs decays are of significant theoretical interest and for some previous works see, e.g., [6] - [28] .
In the analysis of this work the three leptonic generations mix with the vectorlike generation which leads to flavor violation for the Higgs interactions. The analysis is carried out at the tree (see Fig. 1 ) and loop level where loop diagrams involving W, Z, leptons and mirror leptons (see figs. (2) and (4)), charginos, neutralinos, sleptons and mirror sleptons (see figs. The outline of the rest of the paper is as follows. In section (2) we give a description of the extended MSSM model. In section 3 an analytic analysis of the triangle loops figs. (2) - (7) that contribute to the flavor changing processes is given. Numerical analysis is given in section 4. Here we also study the dependence of the flavor violation on CP phases.
Conclusions are given in section 5 . Further details of the analysis are given in the Appendix. 
The Model
As mentioned in section 1 the model we use for the computation of the flavor violating leptonic decays of the Higgs boson is an extended MSSM which includes a vector like leptonic generation. As is well known vectorlike multiplets appear in a variety of unified models including string and D brane models [29, 30, 31, 32] . Many applications of these vector like multiplets exist in the literature [3, 4, 5, 33, 34, 35] . In our analysis we include one vector like matter multiplet along with the three generations of matter. We begin by defining the nota- 
For the four sequential leptonic families we use the notation
where the last entry on the right hand side of each ∼ is the value of the hypercharge Y defined so that Q = T 3 + Y and we have included in our analysis the singlet field ν c i , with i runs from 1 − 4. For the mirrors we use the notation
The main difference between the leptons and the mirrors is that while the leptons have V −A interactions type interactions with SU (2) L × U (1) Y gauge bosons the mirrors have V + A interactions. Further details of the model including the superpotential, Lagrangian, and mass matrices are given below.
As discussed above the analysis is based on the assumption that there is a vectorlike leptonic generation that lies at low scales. Including this vectorlike generation we discuss the superpotential, soft terms, the mass matrices and the particle and sparticle spectrum that enters in the analysis in this section. Thus the superpotential of the model for the lepton part is taken to be of the form Figure 7 : Loops with charged Higgs, neutrinos and mirror neutrinos.
whereˆimplies superfields,ψ L stands forψ 3L ,ψ µL stands forψ 2L andψ eL stands forψ 1L .
Mixings of the above type can arise via non-renormalizable interactions. Consider, for ex-
If Φ 1 and Φ 2 develop VEVs of size 10 9−10 , a mixing term of the right size can be generated. We assume that the couplings in Eq.(6) are complex and we define their phases so that
where k, i take on the appropriate values that appear in Eq.(6).
The mass terms for the neutrinos, mirror neutrinos, leptons and mirror leptons arise from the term
where ψ and A stand for generic two-component fermion and scalar fields. After spontaneous breaking of the electroweak symmetry, (
, we have the following set of mass terms written in the 4-component spinor notation so that
where the basis vectors in which the mass matrix is written is given bȳ
and the mass matrix M f of neutrinos is given by
We define the matrix element (22) of the mass matrix as m N so that
The mass matrix is not hermitian and thus one needs bi-unitary transformations to diagonalize it. We define the bi-unitary transformation so that
In ψ 1 , ψ 2 , ψ 3 , ψ 4 , ψ 5 are the mass eigenstates for the neutrinos, where in the limit of no mixing we identify ψ 1 as the light tau neutrino, ψ 2 as the heavier mass mirror eigen state, ψ 3 as the muon neutrino, ψ 4 as the electron neutrino and ψ 5 as the other heavy 4-sequential generation neutrino. A similar analysis goes to the lepton mass matrix M where
We introduce now the mass parameter m E defined by the (22) element of the mass matrix above so that
The mass squared matrices of the slepton-mirror slepton and sneutrino-mirror sneutrino come from three sources: the F term, the D term of the potential and the soft SUSY breaking terms. After spontaneous breaking of the electroweak symmetry the Lagrangian is given by
where
For L soft we assume the following form
The trilinear couplings A i are also complex and we define their phases so that
We define the scalar mass squared matrix
We label the matrix elements of these as (M
ij where the elements of the matrix are given in [36] . We assume that all the masses are of the electroweak size so all the terms that contribute to the decays. These include the exchange of the charged W bosons and 
The loop corrections produces the effective Lagrangian
This effective Lagrangian written in terms of the mass eigen states of the neutral Higgs H 0 i
where the couplings are given by
where the matrix elements Y are defined by
and χ ij and η ij are given in Eq. (59). The decay of the neutral Higgs H 0 i into an anti tau and a muon is given by
We give a computation of each of the different loop contributions to δξ µτ , ∆ξ µτ , δξ µτ and ∆ξ µτ in the Appendix.
Numerical analysis
As discussed in the introduction, the promising Higgs boson decays for the observation of flavor violation are µτ , i.e.,τ µ, τμ. In MSSM one has three neutral Higgs bosons H with H 0 1 being the lightest which is the observed Higgs boson. As is well known in the presence of CP phases the CP even and CP odd Higgs bosons mix [37] (for a recent analysis see [38] ). Thus the mass eigenstates in general will have dependence on CP phases. We will investigate the dependence of the flavor violating decays as well as of the Higgs boson mass on the CP phases in the analysis. We also note that one may allow large CP phases consistent with the current limits on EDM constraints due the cancellation mechanism discussed in many works [39, 40, 41] . Thus the flavor violating branching ratios of H 1 intoτ µ, τμ are given by
where f i stand for fermionic particles that have coupling with the Higgs boson and have a mass less than half the higgs boson mass and Γ H 1 DB is the decay width into diboson states which include gg, γγ, γZ, ZZ, W W . Thus the computation of the branching ratios of Eq.
(30) involve the decay widths
The decays into ZZ and W W final states are off shell with the final states being dominantly (1) we find that a branching ratio of ∼ 0.33% is achieved which is consistent with the size hinted by the ATLAS and the CMS experiments (see Eqs. (1) and (2)). In table (1) we also give the relative contribution of the loop vs the tree as well as the branching ratios for the flavor violating decays H 1 → µe and H 1 → eτ . In table (2) we give the relative loop contribution from W and Z, and from lepton and mirror lepton exchange, and in table (3) we give the loop contribution arising from the MSSM sector, i.e., from the chargino and neutralino exchange, and from the charged Higgs and neutral Higgs, and from slepton and mirror slepton exchange. In table (4) we give the tree level couplings of the Higgs decay to τ and µ in comparison to the loop corrections to couplings given in tables (2) and (3) as defined in equations 24 and 25.
We discuss now further details of the analysis which includes both tree and loop con- (3), (5), (6) and (7) for the same two parameter points as discussed in table (2) . Changes in the SUSY loop contributions are solely due to the change in tan(β) while changes in the neutral and charged Higgs loop corrections are due to both of the changes in tan(β) and m A where m A enters the theory through the Higgs mass matrix only. Aside from h → τ µ there are other flavor violating decays such as τ → µγ on which Babar
Collaboration [44] and Bell Collaboration [45] have put significant limits on the branching ratio. The current experimental limit on the branching ratio of this process from the BaBar Collaboration [44] and from the Belle Collaboration [45] is analyzed the τ → µγ decay in the extended MSSM with a vector generation in [42] . There this decay was found to have a significant model dependence because of the much larger parameter space of the extended MSSM relative to the MSSM case. However, as discussed above because of the fact that H 1 → τ µ already occurs at the tree level while τ → µγ occurs only at the loop level and further because of the large parameter space of our model relative to MSSM the τ → µγ can be suppressed (see, for example, Fig. 3 of [42] where the τ → µγ branching ratio varies over a wide range.) Further, the formalism given here allows one to compute the flavor violating decay Z → µ ± τ ∓ . Interestingly unlike the process τ → µγ which can occur only at the loop level because at the tree level this decay is forbidden, the decay Z → µ ± τ ∓ can occur at the tree level. Currently the experiment gives an upper limit on the branching ratio for this process of 1.2 × 10 −5 [43] . We have checked that for the parameter space considered in this model the branching ratio for Z → µ ± τ ∓ lies lower than the experimental upper limit stated above. The analysis of the branching ration τ → 3µ
(which experimentally has an upper limit of 2.1 × 10 −8 [43] ) is more involved and requires a separate treatment. However, based on our previous analysis of τ → µγ we expect that the branching ratio of this process to be consistent with experiment. In summary our analysis of h → τ µ presented here is robust. In this Appendix we give a computation of each of the different loop contributions to δξ µτ , ∆ξ µτ , δξ µτ and ∆ξ µτ discussed in Sec.3. We put the results in the same order as the Feynman diagrams of Figs. 2-7 .
Conclusion
where the form factors are given by
and the couplings are given by
where x = sin 2 θ W . The couplings are given by
with
and
and where
Here X are defined by
where X diagonalizes the neutralino mass matrix, i.e.,
(59) 
